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AERODYNAMICS LABORATORY 
DAVID TAYLOR MODEL BASIN 

UNITED STATES NAVY 
WASHINGTON, D. C 

AIRCRAFT STORE TRAJECTORIES PREDICTED FROM WIND-TUNNEL 

INVESTIGATIONS COMPARED WITH FULL-SCALE FLIGHT RESULTS 

by 

Mi I Icird J. Bamber 

SUMMARY   ■ 

Some   rulI-scale  aircraft  missile  trajectory  characteristics 

following   Launch   from .MH nirnlri:.,'  arv cc^ip/'red with  those pre- 

dicted   fron wi nd-tumioJ   i nves ti;/it.i ons .     The predicted  character- 

istics   lor   the   three  .'iv.^i 1 .'il>le   tr.ijectcries  nre  nelieved   to be 

in  as   H,nod  fi^reement  as  could  be  cxpctcdi  and   fnr  some   factors, 

much   hettci . 

\ 
INTRODUCTION 

The usefulness of trajectory predictions from wind tunnel 

test data depends upon how well the prediction agrees with 

comparable full-scale flight results.  The Aerodynamics Laboratory 

of thf Taylor Model Basin reported in Reference 1. the results of 

an investigation to predict the trajectory characteristics of 
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a missile during and following its launch from a carrying 

airplane.  Since publication of the report, data from three 

comparable full-scale flights have been made available by the 

Naval Missile Center, Point Mugu, California. This report 

gives some important characteristics of full-scale trajectories 

compared with those predicted from wind-tunnel results. 

This investigation was conducted in accordance with 

Reference 2. 

PROCEDURES FOR DETERMINING TRAJECTORIES 

The trajectory characteristics for the missile were 

predicted by the use of wind-tunnel test data and equations 

of motion similar to those given in Reference 3-  The airplane 

was assumed to fly a steady straight and level path.  These 

characteristics were found by predicting the attitude and 

relative position of the airplane .md missile at successive 

points.  At each point, aerodynamic data were obtained and used 

to predict the following point.  This process was started at 

the instant of missile release and was continued as long as 

desired. 

For the flight, from zero time to one second (loss of 

altitude about 30 feet), wind-tunnel test data (about 10 

test points for each trajectory) were obtained at selected 

intervals so that the mutual interference of the missile and 

airplane would be included in the aerodynamic coefficients. 

For the time after one second, . rcause of limitations of wind 

tunnel size, the missile was assumed to be flying in free 

air (i.e., no mutual interference). 

The full-scale free-flight trajectory characteristics 

were obtained from oscillograph records of attitude angles, 

rate of change of these angles with time, and control-surface 
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deflections. Also, a plot of altitude of the; missile versus 

time was furnished. 

MISSILE, AIRPLANE, MODELS, AND APPARATUS 

The missile has a low delta wing and a cruciform tail 

positioned at an angle of roll of 45° v;ith respect to the 

wing.  Each tail surface is rotated independently about its 

own spanwise axis so chat combinations of the four deflected 

surfaces gave control about the three missile axes.  The missile 

was ejected downward and forward from beneath the left wing 

of the A3D-2 airplane. 

The wind-tunnel tests were conducted in the ?- by 10- 

Foot Transonic Wind Tunnel at Taylor Model Basin, using scale 

models of the missile and airplane.  An electronic digital 

computer was used for performing computations necessary for 

prediction of the flight trajectory.  The control surfaces 

on the missile model were fixed.  For the computations, the 

aerodynamic moments Tor simulated control-surface deflections 

were estimated from isolated tests of the missile.  The simu- 

lated deflections were computed according to equations furnished 

for the missile. 

For the prediction of flight trajectories, the following 

series of events was simulated} 

a. The controls were activated at 0.04 second after 

launch, to counteract angle of roll and rates of rotation 

about all axes. 

b. At 2.00 seconds after start of launch, an additional 

pitch control was started, to increase the angle of attack to 

16° at the rate of 2° per second and to "home" the missile on 

a target located at infinity. 

c. After 3.30 seconds, simulated missile thrust was 

applied. 



-ll. 

The same sequence of events was assumed to have been 

followed by the full-scale missile- Full-scale flight data 

were recorded as oscillograph records of "gyro" response and 

control-surface angles of the missile. Further details of the 

method of obtaining full-scale data are not available, nor 

are they considered to be of much importance here. 

COMPARABILITY 

For full-scale and predicted trajectory characteristics 

to be exactly comparable, all of a large number of conditions 

and sequences must be the same.  In the first place, recorded 

data from both wind tunnel and flight should be accurate. 

Conditions at time of launch, such as effective altitude. 

Mach number, and velocities of translation and rotation, perfor- 

mance of launcher and response of the Missile to control- 

surface deflection should be the same.  For the predictions, 

however, the stability derivatives and the response to control- 

surface deflections were estimated from wind-tunnel test data. 

Moreover, exact theoretical similitude could net be obtained 

because shortly after launching the missile and airplane will 

have different velocities and flight-path angles.  Both, how- 

ever, must be tested in Lhe wind tunnel at the same velocity. 

Because the airplane an-.' missile have different flight path 

angles, their attitudes relative to each other and the angular 

settings with respect  to the relative wind vector cannot both 

be correct. 

RESULTS 

Some of the characteristics of the three trajectories 

which were considered to be close enough in altitude and Mach 

number to be comparable are as follows: 



Figure 

i 

2 

Mach Number Altitude in feet 

Free-Flight j Predicted i Free-Flight 

0.86 

O.83 

0. oO 

O.yO 

0.80 

O.-iO 

22,500 

39,000 

Predicted 

20,000 

1  30,000  i 30,000 

'1.0,000 

For free flight, beciu.sp of errors in evaluation of the 

oscillograph records, a displacemenr. in the zero  reference for 

the curves may be ±1° for control-surface deflections, +2° 

for attitude displacemencs, and ±1/2° per second for the rates 

of rotation.  The errors in individual values (in addition 

to the displacement of the zero reference) may be of the order 

of ±1/2° for control-surface angles, 11° for attitudes, and 

±2° per second Cor rates of rotation. 

No adjustments nave been made to any of the results to 

correct for differences in Mach number and altitude between 

free-flight and wind-tunnel data. 

DISCUSSION 

The predicted rharacteristics of Lhe trajectories represent 

the full-scale characteristics as well as could be expected 

and in some respects, much better. 

For the time up to 2 seconds, there should he a rough 

rolationship between the loss oi alii rude and the angle of pitch, 

9; i.e., the more negative ehe value of 0,   the greater the loss 

of altitude should tend co he.  This relationship between 9 

and loss of altitude is consistent between predicted and flight 
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results for the conditions of Figures i and 3. For the conditions 

of Figure 2, it might be expected that the difference in loss of 

altitude would be more than is indicated by the small differences 

in 0. For the first 2 seconds, the automatic control is set to 

make and keep 0 equal to zero.  In every case, 0 is practically 

zero after O.'j second. 

This difference in loss of altitude suggests the possibility 

that the missile was actually launched with an , initial 0 more 

negative than was used for the prediction, as indicated by 

Figure 3>  The inconsistency between 0 and the expected loss 

of altitude in Figure 2 could have been due to errors in 0 

and loss of altitude obtained from flight tests.  The missile 

in flight, after a slight delay, attained the programmed rate 

of increase in the angle of attack as evidenced by the rate of 

increase of 0.  It may be that there was a delay in missile 

control response in flight or tuat the target and missile were 

not at the same altitude.  (For the predictions, the altitudes 

were assumed the same.) 

The same general pattern of roil characteristics and mag- 

nitude of values was obtained in flight as had been anticipated 

from tiie prediction.  It is gratifying to note that the large 

accelerations in roil and subsequent rate of roll, 0, and 

angle 0, which are undoubtedly due to the airflow interference 

of the airplane, were so well predicted.  However, the mutual 

interference effects and their differences between flight and 

prediction tend to be masked by the control responses except at 

the start, of the trajectory. 

Most oi. the angles associated with yaw up to 2 seconds 

after launch are within the probabl. accuracy of measurement. 

For the time after 2  seconds, the motions are probably primarily 
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dependent on conditions at 2  .seconds, control deflections, 

target angle, and gusts. 

No provision for cross control signals and aerodynamic 

control Interactions were made for the prediction.  However, 

the flight records indicate that these effects exist. 

No effect of missile ttirust (applied at 3. iO  seconds) 

is evident from either the predicted or free-flight results. 

CON'JLUSrON 

For this particular airplane-missile configuration and the 

three predicted and flight trajectories that iiad comparable 

altitudes and Mach numbers, the wind-tunnel test methods gave 

a good prediction of the full-scale trajectory characteristics. 

Aerodynamics Labora tory 
David Taylor Model Rasin 
Washington, D. C 
July 1901 
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